It is unclear if ultrasound-assisted catheter-directed thrombolysis (UACDT) confers benefit over anticoagulation (AC) alone in the management of intermediate-risk (''submassive'') pulmonary embolism (PE), defined by evidence of right ventricular (RV) dysfunction in hemodynamically stable patients. This study sought to evaluate any lasting advantage of UACDT on mortality and resolution of RV dysfunction in intermediate-risk PE at a large academic medical center. Adults aged 86 years admitted with intermediaterisk PE from 2011 to 2016 were retrospectively identified. Patients were excluded if there was a history of cancer, pre-existing pulmonary hypertension, pregnancy or postpartum status, contraindication to AC, or treatment with systemic thrombolysis. Baseline Pulmonary Embolism Severity Index (PESI) scores were computed. Outcomes including length of stay (LOS), bleeding complications, resolution of RV dysfunction, and mortality were compared between patients who received UACDT and those managed with AC alone. A total of 104 patients met inclusion criteria, 65 of whom underwent UACDT. The cohorts had similar PESI scores (P ¼ 0.45) and no clearly imbalanced confounding variables. There was no significant difference in LOS (P ¼ 0.11). UACDTwas associated with more bleeding complications (exact P ¼ 0.04). Follow-up transthoracic echocardiograms performed in 54 UACDT and 24 AC patients demonstrated similar rates of resolution of RV dysfunction (61% in UACDT patients versus 75% in AC patients, P ¼ 0.25). Overall one-year mortality was approximately 5% in both groups (exact P > 0.99). In this limited retrospective analysis of intermediate-risk PE patients, UACDT treatment was not associated with mortality benefit or increased resolution of RV dysfunction.
Introduction
Acute pulmonary embolism (PE) is a common cardiovascular disorder with a broad range of severity. 1, 2 Approximately 25% of patients presenting with acute PE are hemodynamically stable with clinical evidence of right ventricular (RV) dysfunction. 3 The early approach to management in these intermediate-risk or ''submassive'' PEs remains uncertain. While they should all be promptly started on anticoagulation (AC), the role of reperfusion therapy is debated. Many clinicians believe that early thrombolytic treatment may minimize the risk of long-term right-sided heart failure by rapidly reducing thrombotic burden. Recent long-term data from a large international randomized controlled trial, however, found that systemic thrombolysis did not reduce residual dyspnea or RV dysfunction when compared to anticoagulation alone. 4 Current evidenced-based guidelines recommend against peripherally administered thrombolysis because any acute hemodynamic improvements are offset by the increased risk of major hemorrhage. [5] [6] [7] [8] In May 2014, the U.S. Food and Drug Administration (FDA) approved an ultrasound-assisted catheter-directed low-dose fibrinolysis device (EkoSonic Endovascular System [EKOS], Bothell, WA, USA) for the management of intermediate-risk PEs based on a prospective, single-arm, multicenter trial. 9, 10 Preliminary data suggest this technique is safe and effective at rapidly decreasing RV strain, with potentially lower risk of bleeding complications than systemic thrombolysis. [10] [11] [12] Although ultrasound-assisted catheterdirected thrombolysis (UACDT) has been gathering more popularity, it remains expensive and requires local expertise. Moreover, no study, to our knowledge, has assessed the longterm impact of this endovascular intervention.
We sought to evaluate whether UACDT affords any lasting benefit over AC alone in the management of intermediate-risk PEs. We retrospectively reviewed patients who presented to a large academic medical center with intermediate-risk PE and collected demographic information, clinical data, acute management details, and, when possible, outcome measures. We then assessed the impact of UACDT on length of stay (LOS), resolution of RV dysfunction, and one-year all-cause mortality.
Methods

Study design and data collection
This study was performed at the Brigham and Women's Hospital in Boston, MA, USA. It was approved by the Partners Healthcare Institutional Review Board with a waiver of informed consent.
We retrospectively reviewed electronic medical records and identified all adults (aged 18-86 years) admitted from January 2011 to October 2016 with a primary diagnosis of intermediate-risk PE. Prior data were not included as they preceded the introduction of UACDT at our institution in 2011. Intermediate-risk PE was defined by hemodynamic stability as indicated by a systolic blood pressure (SBP) ! 90 mmHg and evidence of RV dysfunction. Computed tomography (CT) evidence alone of RV dysfunction did not qualify patients. We specifically included individuals with either dilated RV or reduced RV systolic function on transthoracic echocardiogram (TTE). These patients were identified by querying the Partners Healthcare Research Patient Data Registry, a clinical data registry derived from several sources including billing systems that contains comprehensive demographic and clinical information for patients seen in our hospital system. We requested lists of all patients with a primary diagnosis of PE who underwent TTE testing and/or catheter intervention during the index hospitalization and manually examined these records. We included only the first admission for acute PE in those patients with multiple admissions for intermediate-risk PE during the study period. Patients were excluded if there was a history of cancer, pre-existing pulmonary hypertension (PH), pregnancy or postpartum status, contraindication to AC (including goals of care), or treatment with systemic thrombolysis. Patients who presented after an episode of syncope were also excluded, as this was felt to represent transient hemodynamic instability suggestive of higher risk disease. 13 Patients aged > 86 years were excluded, as this was the oldest age of someone who underwent UACDT at our institution.
Demographic variables comprising age, sex, race/ethnicity, and clinical characteristics including admission vital signs and co-morbidities were manually extracted along with whether individuals were admitted to an intensive care unit (ICU) and if UACDT was employed. Pulmonary Embolism Severity Index (PESI) scores were calculated. 14 We reviewed available baseline and follow-up TTE final reports and specifically assessed RV size and systolic function. Reports that concluded normal RV size and normal RV function were categorized as negative. We subcategorized abnormalities of RV size and systolic function as subjectively described in reports: ''borderline,'' ''mild,'' ''mild to moderate,'' ''moderate,'' ''moderate to severe,'' ''severe,'' or ''degree unknown.'' Reports with no comment on RV size or function in the official report were categorized as ''unknown.'' Mortality records were obtained from the Social Security Master Death Index and Partners Healthcare Enterprise Master Patient Index. Given potentially incomplete death ascertainment from these indices, we also manually reviewed the electronic medical records to determine the date of last alive contact. These data were compiled in spreadsheet format (Microsoft Excel; Seattle, WA, USA).
Catheter-directed thrombolysis treatment
We limited our analysis to patients treated with the EkoSonic Endovascular System ([EKOS], Bothell, WA, USA), the only minimally invasive endovascular therapy approved by the FDA for the treatment of PE. Using this technology, one or two catheters were placed at the operator's discretion based on the location and volume of PEs. A bolus dose of alteplase 0-5 mg/strand was usually administered followed by an infusion rate of 0.5-1 mg/h/strand. Infusion rates were adjusted such that target dose of 20 mg would be reached during standard working hours to facilitate prompt device removal. Patients remained on intravenous unfractionated heparin with a goal partial thromboplastin time of 40-60 during the alteplase infusion. All patients were admitted to an ICU for monitoring for the duration of alteplase infusion.
Study outcomes
Outcomes including LOS, ICU admission status, bleeding complications, resolution of RV dysfunction, and mortality were compared between patients who received UACDT and those managed with AC alone. LOS was measured from date of admission at our institution to date of discharge. Patients were said to require an ICU if this level of care was utilized at any point during the index hospitalization. Bleeding events were classified by the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries bleeding criteria. 15 Hemorrhage was deemed severe it if was intracerebral or resulted in substantial hemodynamic compromise requiring treatment. Moderate bleeding was defined by the need for transfusion and minor bleeding referred to all other events (e.g. hematoma at catheter insertion site). Resolution of RV dysfunction was established by normal size and function on any follow-up TTE. Survival was defined as the time from admission to reported death from any cause and was assessed at hospital discharge and through one year.
Statistical analysis
All data were exported from Microsoft Excel for statistical analysis in StataMP 15.0 (StataCorp, College Station, TX, USA). Clinical data including vital signs at presentation were assumed to be normal when data were missing, an approach used in the derivation of the PESI. 14 Continuous variable means were compared using Wilcoxon rank-sum test and categorical variables were evaluated using Fisher's exact test. We used a multivariable logistic regression model to appraise the impact of demographic and clinical variables on the propensity to undergo UACDT. Additionally, we performed a multivariable logistic regression analysis controlling for PESI score to assess the effect of UACDT on resolution of RV dysfunction. To measure differences in overall mortality we compared reported death rates between treatment groups at one year using Fisher's exact test. Unadjusted Kaplan-Meier curves were calculated for each treatment group censoring for the date when individuals were last reported alive and compared statistically using the logrank test. A P value < 0.05 was considered to indicate statistical significance.
Results
Baseline characteristics
A total of 104 patients were included in our analysis, 65 of whom received UACDT. The analytic cohort comprised 103 patients (99.0%) diagnosed by CT pulmonary angiography and one patient (1.0%) diagnosed by ventilation perfusion scan.
There were no significant differences between the groups with respect to demographic data, co-morbidities, or smoking status as described in Table 2 . Sensitivity analyses including only those patients with follow-up TTEs showed no differential loss to follow-up.
Assessment of outcomes
Outcomes are summarized in Table 3 . The mean length of stay was 5.1 days (range ¼ 1-23, SD ¼ 3.5) in patients managed with UACDT and 3.9 days (range ¼ 1-9, SD ¼ 1.7) for those treated with AC alone (P ¼ 0.11). All 65 patients treated with UACDT were admitted to an ICU per protocol whereas eight (20.5%) patients managed with AC were admitted to an ICU (exact P < 0.01). Overall, there were more bleeding events in the UACDT group compared with the AC cohort (exact P ¼ 0.04). There were two (3.1%) severe bleeding events in patients treated with UACDT: one death before discharge in the UACDT cohort due to massive hemothorax confirmed on autopsy and one intracerebral hemorrhage during the index hospitalization. UACDT was associated with no moderate bleeding and five (7.7%) minor bleeding complications including two hematomas, prolonged bleeding from the catheter site, gross hematuria, and a stable gastrointestinal bleed that did not require transfusion. There were no deaths during the index hospitalization in the AC group and no minor, moderate, or severe bleeding complications in this group. The incidence of confirmed mortality at one year was similar with three (4.6%) and two (5.1%) deaths in the UACDT and AC groups, respectively (exact P > 0.99). The vital status could not be confirmed in 12 (18.5%) and six (15.4%) patients in the UACDT and AC groups, respectively, at one year (exact P ¼ 0.79). Unadjusted KaplanMeier survival curves accounting for censorship are depicted in Fig. 1 (log-rank P ¼ 0.97).
Follow-up TTEs were performed in 54 (83.1%) patients managed with UACDT compared with 24 (61.5%) in those treated with AC alone. Resolution of RV dysfunction was observed in 33 (61.1%) patients managed with UACDT and 18 (75.0%) patients in the AC cohort with no significant difference between the groups (P ¼ 0.25 by logistic regression adjusted for PESI score). Even though PESI score is in part determined by patient age, we performed a sensitivity analysis controlling the logistic regression model for PESI score and age with no change in our results. The interval time between PE diagnosis and follow-up TTE was in the range of 1 day to 4.4 years in the UACDT group (median 50 days) and 3 days to 5.0 years in the AC group (median 126 days). Table 3 summarizes these outcome data. Sensitivity analyses including only those patients with at least moderate abnormalities in either RV size or function at the time of PE diagnosis were consistent with the primary analysis.
Discussion
The role of catheter-directed therapies in the management of intermediate risk PE remains contentious. In this singlecenter retrospective study, UACDT using the only FDAapproved device for management of intermediate-risk PE was not associated with benefit over AC alone with respect to LOS, long-term resolution of RV dysfunction, and allcause mortality at one year. Patients treated with UACDT had a higher rate of bleeding complications, though the overall event rate was low. Power was limited for most endpoints.
The two cohorts appear to be well matched with similar baseline PESI scores that correspond to intermediate-risk disease. 16 There were no significant differences in co-morbidities identified, though some imbalances may not have been detected given the small sample size. Importantly, we excluded patients with a history of malignancy to avoid potential confounders. Patients with cancer-associated thromboembolism have a higher risk of recurrent disease and hemorrhagic complications that are significantly impacted by the type of cancer and treatment history. 17 We observed a similar average LOS in both groups: approximately four days in those managed with AC and 5 days in those treated with UACDT. While one small singlecenter study of 45 patients with acute intermediate-or highrisk PE suggested a decreased LOS associated with UACDT from approximately seven days to three days, this finding has not been replicated. 18 Indeed, multiple studies of patients with intermediate-risk PEs have suggested average hospitalization lengths of approximately five days regardless of whether UACDT was employed. 10, 19 It is worth noting that at our institution all patients who undergo UACDT are observed in an ICU for the duration of thrombolytic infusion. Only 21% of patients managed with AC alone required ICU-level care. It is therefore reasonable to assume that Data are presented as n (%) or mean AE SD. *Exact P value. y In the prior three months. z Defined by disorientation, lethargy, stupor, or coma. AC, anticoagulation; UACDT, ultrasound-assisted catheter-directed thrombolysis; PE, pulmonary embolism; DVT, deep vein thrombosis; PESI, Pulmonary Embolism Severity Index; SD, standard deviation.
with similar LOS, the hospital cost for those treated with UACDT was higher given expenses associated with the intervention along with any time spent in the ICU that may not have otherwise been required.
The proportion of patients with residual RV dysfunction in our cohorts (39% of patients managed with UACDT and 25% of patients treated with AC alone) agrees with previously published rates. The Pulmonary Embolism Thromboembolism (PEITHO) trial demonstrated similar rates of residual RV dysfunction on TTE in patients treated with systemic thrombolysis and AC only. 5 In another prospective study of 180 patients with intermediate-risk PE, Kline et al. found that at least 20% of individuals demonstrated sonographic evidence of either persistently dilated RV or depressed RV systolic function at six-month follow-up, including in a small subset treated with systemic thrombolysis. 20 In our analysis, we assumed that patients with at least borderline increase in RV size or decline in RV systolic function had significant baseline RV dysfunction associated with their PE; patients with pre-existing PH were excluded. We only assessed for normalization of RV size and function as subjective assessments of RV size and function were not standardized making it difficult to compare, for example, improvement from moderate to mild dysfunction on serial exams. We did not include estimated mean pulmonary arterial pressure in our assessment of RV dysfunction as this non-invasive approach has several limitations, especially when image acquisition and data interpretation are not standardized. 21 We also excluded patients without an initial TTE as these individuals would complicate RV follow-up assessment; most patients at our institution diagnosed with intermediate-risk PE have this study performed at the time of diagnosis.
All-cause mortality was comparably low in both cohorts, and power to detect a difference between groups was limited. Our study, by design, was not representative of the intermediate-risk PE patient population. We excluded older patients and individuals with poor prognosticating co-morbidities such as malignancy and pre-existing PH to eliminate potential confounders and better evaluate the impact of UACDT on outcomes. It is therefore not surprising that our rates are significantly lower than those observed in other trials of intermediate-risk PE 4, 20, 22 and those expected based on PESI scores alone. 16 It is also worth noting that the Social Security Master Death and Partners Healthcare Enterprise Master Patient Indices are not comprehensive records of death. We confirmed vital status in majority of individuals, but some unaccounted deaths could further explain our overall low mortality rates. While UACDT does not appear to be associated with major changes in one-year mortality, the sample size was too small to confidently measure minor differences.
The results of this study must be interpreted in the context of these and other limitations. The retrospective design restricts the data available for review. For example, not all patients had follow-up TTEs and the timing of these studies was inconsistent. More patients in the UACDT group underwent follow-up studies, but there was no significant differential loss to follow-up. The cohorts were not randomly assigned. At our institution, management of intermediate-risk PE is decided by the primary physician team, often with guidance from either a cardiology or pulmonary consultant which may have resulted in biased samples. To mitigate this risk, we limited our analysis to those patients without malignancy and pre-existing PH as these were felt to be potentially confounding variables. After these exclusions, the cohorts had similar assessments of RV dysfunction and PESI scores suggesting similar risk stratification. Finally, our single-center study conclusions may not be generalizable to all practice settings, which may vary in terms of spectrum of pathology and diagnostic study ordering patterns.
In conclusion, this limited retrospective study of intermediate-risk PE found that UACDT treatment was not associated with any benefit over AC alone as assessed by LOS, resolution of RV dysfunction, and one-year mortality. Based on these findings, we believe future prospective randomized controlled trials are urgently needed to evaluate if UACDT confers any benefit in this population before it is incorporated into routine clinical practice.
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